Abstract. The apoprotein of human serum beta lipoprotein has been prepared in a lipid-free and soluble form by a technique of interfacial extraction in the presence of guanidinium hydrochloride and nonionic amphiphile. Gel permeation chromatography of maleylated apobeta lipoprotein separates two protein fractions with different amino acid compositions. The smaller particle has a molecular weight of 2.6 X 104.
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Efforts to study the subunit composition of the protein moiety of human serum beta lipoprotein have been impeded by the extreme difficulty of obtaining a molecular dispersion of apoprotein following removal of the lipid moiety. While virtually all of the lipid is bound noncovalently to protein, the apoprotein exhibits a marked affinity for phosphatide. Quantitative delipidation is achieved only by the use of mixed solvent systems containing one solvent of low polarity and another of intermediate polarity, usually an alcohol or ketone. In contrast to the high-density lipoproteins,I delipidation of native serum beta lipoprotein by such solvent extraction yields a protein product virtually insoluble in neutral aqueous buffer systems.
The presence of 0.2 -M sodium dodecyl sulfate during and after extraction by an ethanol-ether mixture yields a protein soluble in aqueous buffers and containing only 2-3% phospholipid.2 Studies of sedimentation behavior, however, show this material to be aggregated. Gel permeation chromatography of a similar apoprotein preparation using dodecyl sulfate in the eluting buffer gave a single peak of protein with an elution volume corresponding to a molecular weight of 8 .0 X 104 daltons.3 Asymmetry of the peak and the presence of a second, minor protein band on cellulose acetate electrophoresis were noted, however. Shore and Shore applied the technique of sedimentation equilibrium ultracentrifugation to carboxymethylated apobeta lipoprotein in the presence of 8 M\I urea and dodecyl sulfate.4 Protein distribution in the cell at equilibrium indicated homogeneity with respect to particle size. Using a value for the partial specific volume of the protein moiety, in water, calculated from its amino acid composition (0.725), they computed a particle weight of 4.2 X 104 daltons. However, determination of partial specific volume (v) by the method of Casassa and Eisenberg5 yielded a value of 0.82, indicating marked preferential interaction between the apoprotein and water in the multicomponent solvent system. 1075 Calculation of particle weight using the experimentally determined value for v yielded a value of 6.4 X 104 daltons.
Scanu et al.6 demonstrated that succinylation of beta lipoprotein followed by two-solvent extraction of the lipid moiety yields a protein product soluble in aqueous buffer systems without amphiphilic agents. Agarose gel filtration of this material indicated the presence of an associating system and sedimentation equilibrium ultracentrifugation revealed a nonlinear relationship of the logarithm of protein concentration to the square of radial distance. Minimum particle weight calculated from the linear portion of the plot from the upper levels of the cell was 3.6-3.8 X 104 daltons. A subsequent sedimentation equilibrium study in 8 M urea, of beta apoprotein solubilized at high pH after extraction, demonstrated heterogeneity of particle size with a minimum molecular weight of approximately 2.7 X 104 daltons, which was assumed to represent the only monomeric unit in the protein moiety. This finding provided the basis for formulation of a structural model for beta lipoprotein involving an icosahedral arrangement of 20 subunits of identical dimensions around a lipid core.7
The presence of subunit heterogeneity in this class of lipoprotein is supported by the recent finding of two antigenic determinants in a maleylated apoprotein preparation8 and the separation of two proteins, differing in amino acid composition, by ion exchange chromatography of protein from the Sf 4-8 lipoprotein fraction.9
It is evident that the intense tendency toward aggregation exhibited by these apoprotein preparations, coupled with the difficulty of determining partial specific volume accurately in the multicomponent solvent systems necessary for their solubilization, has limited the applicability of sedimentation techniques to determination of the size of monomeric units. The presence of heterogeneous subunits would be expected to complicate these determinations further, especially if hybrid oligomers exist. A search for heterogeneity of subunits in beta lipoprotein must recognize that contamination by other lipoproteins, especially the HDL1 fraction, is to be expected within the classical density interval of 1.019 < d < 1.063. Hence, a narrower density interval must be chosen for separation by preparative ultracentrifugation. In this study, human serum beta lipoprotein, prepared by ultracentrifugation between such narrowed density limits and subsequently maleylated, has been delipidized and solubilized by a new technique of two-phase extraction in the presence of guanidine hydrochloride and nonionic amphiphile. Gel permeation chromatography of the resulting apoprotein in 6 M guanidine hydrochloride permits the separation of two protein fractions and an estimation of their molecular weights. Distinct differences in the total amino acid composition of the two fractions indicate that at least two species of subunit exist in human serum beta lipoprotein. Criteria of purity: Immunodiffusion by the technique of Ouchterlony'0 reveals a single precipitin band with both goat anti-beta lipoprotein antibody (Hyland Laboratories) and with rabbit antiwhole human serum antibody. Electrophoresis on paper" and on agarose gel'2 reveals a single narrow band when stained with Lipid Crimson (Ed. Gurr Ltd., London), and agarose gel electrophoretograms run with protein-free buffer, reveal a single band when stained with Amido Schwartz 10-B (National Aniline). Electron microscopy of beta lipoprotein prepared by negative staining with 2% phosphotungstic acid'3 and by low angle platinum shadowing after osmium fixation'4 revealed a homogeneous population of spheres, with very few particles compatible in size with high-density or very low-density lipoproteins.
Maleylation 8.6 . Just before each use, the column was washed with this solvent containing 1 X 10-2 M 2-mercaptoethanol (Eastman) delivered from a vessel with a nitrogen atmosphere. Solid sucrose was dissolved in the samples, which were then applied by layering under the solvent at the top of the columns. The Sephadex G-150 column was run at 0.5 ml/min and the agarose column at 0.12 ml/min at 250C. Calibration curves were determined for both columns2' using assorted purified proteins both unmodified and maleylated, to determine the effect of side chain modification upon gel permeation behavior. fourth preparation of maleylated apo-G 150 in 6 M guanidine. beta lipoprotein, however, a small third peak emerging between the two peaks described above was noted, the elution volume of which corresponded to a molecular weight twice that of the smallest component, possibly representing a dimer of that particle. Gel permeation chromatography of material from fraction I was performed on the column of Sepharose4B. A single protein peak was observed, with an elution volume close to that of the guanidine monomer of rabbit back muscle myosin, to which a molecular weight of 19.4 X 104 daltons has been assigned.24,25 Because the relative completeness of maleylation and the tryptophan contents of fractions I and II are not known with precision, estimation of the relative amounts of the fractions by their optical densities is subject to error. However, it would appear that the material in fraction II does not comprise more than 25% of the total protein of the pooled beta lipoprotein samples studied. The amino acid compositions of the two apoprotein fractions separated by gel permeation chromatography of maleylated apobeta lipoprotein on Sephadex G-150 are compared in Table 1 . A subsequent set of analyses of neutral and Modification of the apolipoprotein by maleylation permits the separation of the smaller component, fraction II, by gel filtration. The finding that similar modification of several proteins selected for calibration of gel columns had little effect on their elution volumes is in keeping with the evidence that the effective molecular radius is relatively independent of amino acid composition of polypeptides in the random coil conformation.2" The assumption may be made that little error is introduced by such modification in determination of molecular weight by gel permeation chromatography in 6 M guanidine solutions. It may thus be concluded that human serum beta lipoprotein contains a protein subunit which has a molecular weight at least as small as 2.6 X 104 daltons. The apparent absence of a particle of this size in sedimentation equilibrium studies by Shore and Shore4 of apoprotein from Sf 4-8 lipoprotein may be attributable to the rotor speeds employed. It may be calculated that a 26,000 molecular weight subunit representing up to 25% of the protein in solution would not have produced sufficient fringe displacement at the rotational velocity employed to be recognized as a separate component.
The substantial differences in amino acid composition between fractions I and II indicate that at least two species of protein subunit must be present in the beta lipoprotein of human serum. The fact that the composition of fraction I resembles that of whole beta lipoprotein much more closely than does that of fraction II suggests that fraction I represents the predominant peptide or peptides of beta lipoprotein and that the protein of fraction II cannot be represented to any appreciable extent in some hybrid oligomeric form in fraction I. The large particle size of fraction I, demonstrable on agarose gel permeation chromatography, suggests that it represents some form of oligomeric protein.
Since several peptide species have recently been identified in both the highdensity and very low-density classes of human serum lipoproteins, the possibility that the protein of fraction II may be identical with one of these entities must be considered. Of the peptides so far identified in the high-density lipoprotein,26 all fractions have amino acid compositions which are distinctly different from that of the protein in fraction II and, specifically, both the dominant species with C-terminal glutamine and threonine exhibit categorical differences, as the R-glutamine peptide contains no histidine or arginine and the R-threonine peptide, no isoleucine. The amino acid composition of a hybrid of these two subunits, which has been identified in delipidated preparations of high-density lipoprotein,26 is also markedly dissimilar from fraction II protein. Additionally, neither threonine nor glutamine can be demonstrated as carboxyl terminal amino acids in beta lipoprotein, by application of methods which readily indicate their presence in high-density lipoprotein.9 Similarly, all of the soluble proteins isolated to date from very low-density lipoprotein of human serum show distinct differences in amino acid composition from this protein.9 27 Since both of the protein fractions which can be eluted from DEAE-cellulose after application of apobeta lipoprotein9 contain substantially greater amounts of methionine than
